Congenital Ear Abnormalities Due to Thalidomide by Gavin Livingstone FRCs (Oxford)
Fourteen children with deformed ears have been seen at the Radcliffe Infirmary. I should like to thank all who have referred cases to Oxford, especially Mr Paul Wadsworth and Dr E P Quibell of the Chailey Heritage. The defects to the ears vary from accessory auricles and persistent branchial clefts to total absence of pinna with atresia.
Wigglesworth (1962 a, b) wisely stressed 'the desirability of gearing treatment and training towards meeting the time-table of normal developmental progress'. It is vitally important for a child with a hearing defect to be fitted with hearing aids and to be trained to use his residual hearing from the earliest possible age. Unfortunately the gross limb deformities of some of the babies may have tended to put the less obvious defects like deafness into the background, absent ears being accepted as a lesser handicap. In some cases no steps were taken to assess and alleviate the hearing loss, though an inability to communicate may be an even greater handicap to the child throughout his life.
There is another danger: some of the thalidomide babies with apparently normal ears may have a hearing defect. The hearing of all thalidomide babies should be tested by an otologist, particularly if there is any delay in the development of speech; otherwise some of the children may be labelled as suffering from brain damage when part of their backwardness is due to deafness. They should be treated as potentially deaf children. Early auditory training should be given, followed by special education with a teacher of the deaf. This, of course, must be in conjunction with any other special education they need because of their other deformities. Co-operation between the specialties is essential. The care of any handicapped child must be co-ordinated, preferably by the pediatrician, and a progressive programme of rehabilitation must be planned, starting with full assessment of each child. With the lower rate of infant mortality, an increased number of babies are surviving with dual or multiple defects and the presence of one defect always argues the possibility of others; therefore, the importance of full and early assessment of any child born with any abnormality, whatever the etiology, cannot be over-emphasized.
The rehabilitation of these handicapped children must, then, be co-ordinated and any orthopedic or ear surgery that is indicated must be planned to take place at the correct age to meet the developmental milestones. The policy of planning ahead applies to any child born with meatal atresia and absent outer ears. It is not only thalidomide that produces these defects: there are many more babies with ear deformities caused by genetic or other factors than by thalidomide. Table 1 shows cases seen at the Radcliffe with ear deformities caused by thalidomide and by other factors. Most of these patients were under 4 years of age when first seen. In all the 14 thalidomide cases seen at the Radcliffe the atresia was bilateral, and the ears have been operated on as follows: Both ears, 5 cases (10 ears); one ear, 6 cases (6 ears); unsuitable for operation, 3 cases.
In all cases of meatal atresia the parents must be reassured and it will be made easier for them to accept rather than reject the baby if they are shown that training can help and that they themselves can take a big part. It is hoped that only a minority of the children must remain in hospital for long periods; the rest will be either at home or in the care of children's societies. The parents' full co-operation in the child's management must be secured so that the time-table of normal hearing and speech development may be met as nearly as possible; it is of great help and a further reassurance to parents if the detailed programme of reconstructive surgery, both otological and plastic, can be planned with them.
Plastic Surgery
Unfortunately, in many cases of outer ear deformity caused by thalidomide there is no question of plastic reconstruction of the pinna; with the other gross deformities there would be no justification for exposing the child to the many ear operations which are entailed. However, in cases where the only deformity is the absence of ears, the plastic surgeon can do much on both cosmetic and psychological grounds to help the child and his parents.
The plastic surgeons prefer to begin their series of operations when the child is about 3-4 years old, finishing when he is about 6, before serious schooling starts. They prefer to operate in an untouched field. It is easier for the otologist to place and form a new meatus in a reconstructed pinna than it is for the plastic surgeon to place a pinna round an already formed new meatus, which may not necessarily be in the right position. In spite of this, where the atresia is bilateral, it is not advisable for the otologist to postpone operating until the plastic surgeon has finished his reconstruction. If there is some residual hearing the otologist should open the middle ear on one, or possibly both, sides and try to establish a conducting mechanism at an earlier age than the plastic surgeon would choose to operate.
'The object of reconstruction of any missing part of a face is to produce a result which is satisfactory to the intelligent members of the lay public rather than to a group of surgeons whose minds are influenced by a knowledge of how difficult such a reconstruction may be. The two chief factors which make for success in any reconstruction are shape and colour match. In women, the shape may be more important, as imperfect colour can be camouflaged by cosmetics, but in men the colour match is often more important than refinements of shape.' (Mr Eric Peet, personal communication.) This applies particularly to the ear.
With modem surgical techniques, these criteria can be fulfilled. Reconstructed pinne are improved if an external meatus is also formed. No artificial ears have been used in Oxford, partly because they are difficult to keep in place, especially in warm weather, but also because the children seem pleased and proud to have ears made of their own tissue. There is one other small but important reason for reconstructing absent pinne. Many of these children suffer from dual or multiple handicaps which frequently include eye lesions: if spectacles ever have to be worn, pinnee are almost essential.
Middle Ear Surgery
From the otological point of view the overriding consideration in cases of meatal atresia is the establishment of adequate hearing as early as possible.
The normal child develops comprehensive hearing at 6 months and usually speaks fluently by 4 years because of constant listening and imitation of the sound he hears. He has the greatest facility for learning to speak during the first three years and for learning to listen during the first year. In order to give a child with a hearing loss his best chance of learning to speak he must be exposed to as much correct sound as possible during those early critical years.
In many cases with meatal atresia there is good hope that hearing may be established by surgery but, until the child is old enough to undergo this surgery, hearing aids should be worn. They should be fitted soon after 6 months, that is, at an age before accurate assessment of hearing can be made; auditory training should begin as early as possible. It is very difficult to fit hearing aids on to a baby with a smooth, round head without pinnv or meatus; bone conduction aids will have to be used until new meatuses are formed. In spite of the difficulties, a child with bilateral meatal atresia should be encouraged to use two bone conduction aids from 6 months of age. In unilateral cases with doubtful hearing an insert air conduction type of aid should be worn on the normal side and a bone conduction aid on the other.
The possibility that in most cases hearing may be established or improved by surgery is due to the fact that the outer and middle ear develop differently from the inner ear. The inner ear is usually normal when the outer and middle ear are malformed although, unfortunately, in the thalidomide series, as well as in the Treacher Collins syndrome, there appears to be more arrested development in the labyrinth than there is when the deformity is due to other causes (Table 2) . Only those ears which have had tomograms taken have been analysed, as tomograms give the most reliable information on the condition of the middle ear and labyrinth. Thalidomide is perhaps a more potent damaging agent than some of the other teratogenic factors and seems to cause a sudden arrest of growth with no later development taking place. There is a higher proportion of persisting first branchial clefts than is usually found in cases with meatal atresia and there is often marked dilatation of the semicircular canals. It may be that the deformities correspond to the feetal age at which the thalidomide was taken but in bilateral cases the deformities on each side are seldom identical.
However, even in cases caused by thalidomide, the different origins of the outer, middle and inner ear mean that there is a chance that hearing can be established. The outer ear arises from the first and second branchial arches. It begins to develop at about the 4th week and is fully formed by the 12th week. It continues to grow and reaches adult size at 9 years of age. The middle ear, with the malleus and incus, develops from the first branchial arch, while the stapes probably originates from the second arch; the footplate, however, may come in part from the capsule of the inner ear. The ossicles start to form at 5 weeks and are fully formed at 12 weeks. They are completely ossified and of adult size at birth. The inner ear develops from the otic placode and rapidly becomes associated with the hind brain. It begins to form at about 4-6 weeks and is fully ossified and of adult size at birth.
Although various authors have linked the degree of deformity of the outer ear with the conditions in the middle ear, in the series of cases seen at the Radcliffe all combinations of abnormalities have been found. The first thalidomide baby to be operated upon had entire absence of pinnx and complete bony atresia; the ossicles were present, although fused, and the stapes, with only one crus, was mobile in the oval window. The labyrinths were normal.
The operation findings in 99 ears show that, when a normal middle ear and labyrinth are seen on X-ray or tomogram, there is a good chance that hearing may be improved if a new meatus can be formed and a conducting mechanism constructed but, when a grossly deformed labyrinth is seen in the tomogram, surgery is probably not justified.
Because it is so important to establish hearing as early as possible, investigation of the middle ear and labyrinth should begin when the child is about 1 year old. Further assessment of the response to sound must then be made and X-rays and tomograms taken in order that a decision can be reached as to the possible value of surgery.
X-rays taken at this early age are of more value in showing the development of the semicircular canals and cochlea than those taken later because, although the bony labyrinth will be of adult size, the temporal bone will not be completely ossified. Tomograms can be of great help in showing canals and cochlea and also in showing the presence of a middle ear cleft and ossicular chain. However, they are often misleading because more of the ossicular chain may be present than shows on the film; the only sure way of finding out whether the middle ear contains either a complete ossicular chain or one that can be reconstructed, is to open the middle ear cleft. The taking of these tomograms usually entails a general anesthetic and the child must be admitted to hospital.
During this period, which should last about a week, all the nursing and medical staff, the teachers of the deaf and the parents should try to gauge the child's response to sound. Although audiograms are impossible to take at this early age, the effect of a hearing aid can be assessed; if at the end of the week the consensus of opinion is that the child responds to sound and voice, it will be justifiable, in bilateral cases, to decide to explore one side. The operation should be planned for when the child is 2 years old.
There is a great difference in the management of bilateral and unilateral cases. In cases where the atresia is unilateral and the hearing of the existing ear seems adequate, the operation on the ear with atresia should either be delayed until the plastic reconstruction of the pinna has been completed or even be postponed indefinitely.
Many authorities, particularly from the United States, doubt the necessity for surgery in unilateral cases but it seems justified where there is a chance that useful hearing may be established in the affected ear, as, if stereophonic hearing can be achieved, sound localization and overall perception will be improved. This is especially important during the period of education. There is another consideration. Frequently in unilateral cases there may be a hearing loss in the apparently normal ear due to a congenital middle ear defect and great care must be taken to ascertain whether the hearing in that ear is adequate; if there is any doubt, the case should be treated as bilateral and surgery on the deformed ear at the age of 2 is advised.
Because of this danger of a congenital middle ear defect in the apparently good ear, an insert aid should be worn on that side even when the hearing seems to be adequate, until it can be shown without doubt that there is no hearing defect. Comparisons should be made between the results obtained by air and bone conduction aids because a conducting deafness, if present, may be improved by surgery.
Even when it becomes possible to take audiograms, with older children, a mistake can easily be made with bone conduction audiograms. In one case a 40 dB air-bone gap was confirmed on three occasions and middle ear deafness was diagnosed in spite of a doubtful labyrinth on X-ray. No middle ear was found on operation and no improvement was made to the hearing.
The audiograms were false owing to skin vibration being interpreted by the child as sound. A good air-bone gap should always be suspect if X-rays show a poor labyrinth development.
Surgical Hazards
The textbooks stress the danger of an aberrant facial nerve in cases with congenital ear malformations but the nerve was found to be out of position in only one case in 99 ears operated upon. In this case the horizontal portion of the nerve was inferior to the oval window and a normal stapes and was lying on the promontory. However, of the 14 thalidomide babies, 5 were found to have congenital paralysis of the facial nerve.
Out of 110 cases not caused by thalidomide, there were only 4 palsies. Luckily in 2 of the thalidomide children the facial palsy has improved to a certain extent.
When there is gross mandibular deformity there may be special problems with the anesthetic. If there is an underslung jaw, there is great difficulty in passing an endotracheal tube and in maintaining an airway. The anesthetic should always be given by an experienced anesthetist who is alert to the difficulties. The surgical procedures can only be discussed in general terms because the details vary with each operation and with each deformity or combination of deformities.
Aims ofSurgery
Before opening up the middle ear cleft, small isolated cartilaginous remnants should be removed but true accessory auricles may be used to form a tragus. There should be consultation with the plastic surgeon who should decide which tissue he wishes to be preserved or discarded.
The external remnants of the ear are usually of little value in indicating where the middle ear is situated and the incision should be made over the suspected position of the middle ear. If the pinna is normal in shape, an endaural incision is to be preferred as it will allow a meatus to be reconstructed without distortion. A curved incision may prevent stenosis in cases where the pinna is absent.
The landmarks for finding the middle ear are the tip of the mastoid process, the posterior wall of the joint cavity, and Reid's base line, or the dural line. If the middle ear is found, it should be opened up as widely as possible, especially the inferior part, as it is essential to see the incudostapedial joint and to test the mobility of the stapes, but the mucous membrane covering the cavity and ossicular mass should be preserved if possible, as it will help the blood supply to the graft and also prevent the formation of adhesions.
The findings in the middle ear should be assessed and carefully recorded in case further surgery is indicated at a later date. The otologist must be prepared to do nothing if there is no real hope of reconstructing a sound conduction mechanism. This negative approach must be stressed, however depressing it may be to both parents and surgeon.
When reconstruction is undertaken, all methods of tympanoplasty and stapes surgery may be appropriate. Stapedectomy is not advised as a primary operation; it is probably wise to postpone stapes surgery until the new auditory canal and tympanic membrane are covered with stable squamous epithelium. Fenestration should also be reserved, mainly for Treacher Collins cases, as a secondary operation; only one fenestration, a closed one, has been performed on a thalidomide baby.
A split thickness skin graft can be used to line the new meatus; this will also form the new tympanic membrane; sometimes temporal fascia is placed over the middle ear before the skin graft is applied. The grafts become stable in the majority of cases. The graft should be fairly thick; it can be taken from the upper thighalthough in the thalidomide babies this may be difficultand sewn into the shape of a bag with the raw surfaces together. The bag, turned inside out, can be stitched to the skin edges of the incision and then packed with pledgets of plastic sponge so that it approximates on to the ossicular chain or head of the stapes and on to the bony wall of the new meatus. If the graft lining the new meatus is attached to the external skin 2-3 mm from the cut edge, so that it overlaps the edge, the danger of stenosis will be lessened.
After operation, the ear is not touched for fourteen days. In small babies an anesthetic is required for each dressing and parents should be warned about this. In these young children the mastoid dressing can be kept in position by a plaster of paris bandage applied to the whole heada second one is usually required after the first dressingmaking a helmet which also prevents the child from interfering with the ear.
The child should be fitted with a telephone earpiece hearing aid as soon as the meatus has healed; an insert aid may cause the skin to break down and should not be used until the epithelium has become stable; even then it is very difficult to keep in position without a reconstructed pinna.
Auditory training should continue until an accurate assessment of the hearing can be made. The child should then be trained and educated according to his hearing loss and his hearing and speech development.
Operative Findings
In the 14 thalidomide cases tomograms have shown all the classical abnormalities as described by Modini, Seibermann and Michel, but classifying patients according to these types serves no useful purpose.
The following are some of the deformities found at operation in thalidomide babies. In 4 of the cases a persistent branchial cyst or sinus was found either in continuity with the floor of the middle ear cleft or finishing just below the middle ear. In several ears the middle ear cleft was filled with sticky mucus-like material through which bubbles of air appeared, proving a patent eustachian tube.
In 2 cases the possible styloid process, which resembled a terminal phalanx of the little finger, had to be removed before the middle ear could be found; there was no bone between the new meatus and the temporomandibularjoint and only a partial bony floor to the middle ear. Because of this it was impossible to prevent stenosis of the new meatus but both these children luckily have an apparent marked hearing improvement following the operation.
In 4 cases a fused ossicular mass was found in contact with a mobile stapes in an oval window. In several cases an ossicular mass, consisting of a fused malleus and incus, was found to have no connexion with the stapes and in one of them the floating mobile incus was connected to the deformed footplate of the stapes with a steel piston. In another a perforation was made in a fixed footplate and a piston was used to complete the chain.
The Radcliffe figures show that 75% of the children with bilateral atresia were suitable for surgery and in 75 % of their ears it was possible to construct a sound conducting mechanism.
It is difficult to give the hearing results in this series as the children are too young for audiograms and no improvement in hearing can therefore be measured. However, in many of the children, parents and teachers have noticed improvement in speech and mental alertness since operation.
If full use is made of all the information that is being collected about the effect of thalidomide on foetal development and if there is a follow-up of all the lines of investigation that have been initiated by the episode, perhaps much may be learned about other teratogenic factors. In this way the tragedies brought about by thalidomide may to some extent be mitigated. When a pregnant animal ingests a noxious substance the developing young are exposed to a wide variety of hazards. The substance may reach the embryos and poison them directly in the same way as it does the adult who takes it; the response of the embryo to the stimulus may, however, differ from that of the adult. First of all, embryonic tissues are generally more sensitive to the effects of toxic substances than are those of the adult: this is indicated by the fact that, in the human, the abortion of dead and deformed embryos is more common than the recovery of a perfect living embryo from a dead mother. Secondly, embryonic cells must not only survive but must also differentiate and reproduce themselves according to a strictly regulated and predetermined pattern; if this process is hindered malformations will result. The embryo may be indirectly vulnerable to the influence of noxious substances or poisons which may act on the mother in such a way as to interfere with the normal conditions required for its proper development: contraction of the uterus may dislodge it from its site of implantation; interruption of blood flow may deprive it of oxygen; poisoning of the maternal liver and other organs may present it with toxic metabolites or reduce the available supply of substances required to build up the embryonic tissues. Thirdly, intervening between the mother and the foetus is the placenta, derived from both but acting in important ways as an independent structure. Before the implantation of the blastocyst a teratogen can kill the embryo but is powerless to deform it.
The final effects of a drug on the embryo can be described in simple terms. The embryo is either unaffected and born in a healthy normal state or, if affected, may be born alive and deformed or dead and deformed. Indeed, it may be aborted immediately on exposure to the effects of the drug. These simple effects are, however, the results of complex processes. In Table 1 are set out the possible sites of action of factors which may produce malformations in the mammalian foetus. Table 1 Possible sites of primary action of genetic and environmental factors (1) On the maternal tissues
Sites of action:
Circulating blood, liver, kidney, brain, heart, uterus, ductless glands Modes of action:
(a) Reduction in oxygen-carrying capacity of blood (b) Alteration in the level of blood glucose (c) Reduced availability of essential vitamins, hormones, amino acids and trace elements (2) On the placenta Modes of action:
(a) Interference with passage of oxygen, glucose or other vital substances across the placenta (b) Interference with blood supply of placenta (3) On the embryo Modes of action:
(a) Direct effect on the cells in the structure which is to be deformed (b) Action on embryonic liver (c) Action on fcetal heart and circulation (d) Action on embryonic endocrine system
